Abstract The coat protein (CP) gene of five Indian Garlic common latent virus (GarCLV) isolates was sequenced and it was 960 bp long in all the five isolates, encoding a protein of 319 amino acids. Comparative nucleotide sequence analysis revealed diversity of 4.3 % among the Indian isolates and of 11.9 % among all isolates worldwide. Amino acid sequence comparison showed a significant variability in the N-terminal of CP of GarCLV. Various protein analysis tools identified thirteen conserved domains and motifs including Carlavirus and Potexvirusspecific Flexi CP and Flexi N CP. Phylogenetic analysis clustered GarCLV isolates in the subgroup II with isolates from Australia, Brazil, Japan, and South Korea. Intraspecies recombination study revealed that only one of the Indian isolates was a recombinant. Interspecies recombination study suggested the absence of genetic exchange from Carlavirus species to GarCLV; conversely, GarCLV was identified as a putative donor for at least two other Carlavirus species. This is the first report of molecular variability and recombination in GarCLV isolates.
amplified following the PCR condition described previously [6] .
A 960 bp product corresponding to the complete CP gene of GarCLV was amplified in all five isolates. Purified RT-PCR products were cloned into pGEM-T easy vector, according to manufacturer's instructions (Promega, Madison, USA) and confirmed by standard colony PCR with specific CP primers as well as by EcoRI digestion. Two clones of each isolate were sequenced using an AB 13130 Genetic analyzer (Xcelaris, Ahmadabad, India). The consensus sequences were deposited in GenBank bearing accession numbers JQ818255, JQ818256, JQ818257, JQ818258, and JQ818259 which correspond to JN, RAU, Kolar, Anand, and G1 isolates, respectively. In all isolates the length of the CP was found to be 960 nucleotide (nt) and the isolates shared nt and aa identity of 95.7-99.0 and 98.1-99.6 %, respectively, among them.
The CP sequences of 23 GarCLV isolates and a reference CP sequence for each of 37 Carlavirus species were retrieved from GenBank and used for sequence comparisons. The comparison of 28 (5 from this study) GarCLV CP sequences revealed an identity of 88.1-99.8 % and 91.5-100 % at nt and aa level, respectively (Table 1 ). The comparison of CP sequences of 37 Carlavirus species with five GarCLV Indian isolates revealed an identity of 33-62 and 28-61 % at nt and aa level, respectively. The closest and farthest Carlavirus species of GarCLV were found to be Coleus vein necrosis virus (CVNV) and Cole latent virus (CoLV), sharing 61-62 and 33-34 % nt identity, respectively (Suppl. Table 1 ). This study shows the existence of an high sequence diversity (11.9 %) in CP gene among all GarCLV isolates worldwide. However, when the sole Indian isolates were considered, a diversity of only 4.3 % was observed in CP nucleotide sequences indicating distinctiveness of Indian isolates from other isolates of the world. Lack of substantial diversity among Indian isolates could be attributed to the propagative nature of the crop and the large diffusion of the single variety ''G1'' in the major garlic growing areas of India.
A multiple alignment of the CP aa sequences revealed that the major variability was located within the N-terminal 48 aa, where 21 aa were highly variable among 28 isolates (Suppl. Fig. 1) . Conversely, the central and the C-terminal regions (from 49 to 319 aa) are highly conserved in all isolates (data not shown). The presence of conserved domains such as Flexi_CP_N and Flexi_CP had been previously reported in CP of carlaviruses and potexviruses [7] . In the present study, the presence of 13 different conserved domains and of 3 motifs within the CP were predicted using SMART [8] and MEME [9] programs, respectively (Suppl. Table 2 ). Sequences of all the three motifs were subjected to TOMTON motif comparison web tool, which indicated that they showed similar signatures with transcriptional factors and a possible role in nucleic acid binding property. Maximum likelihood phylogenetic tree constructed in MEGA4 [10] splits the GarCLV isolates into two major clusters, designated as Subgroup I and Subgroup II (Fig. 1a) . Subgroup I included isolates from USA and China, whereas Subgroup II included isolates from Australia, Brazil, India, Japan, and South Korea. The five Indian isolates were grouped together with K2 isolate of South Korea and GCLV-BZL isolate of Brazil. On the basis of CP gene sequences, isolates of various virus species, such as, Cucumber mosaic virus, Prunus necrotic ringspot virus, Turnip mosaic virus, Chrysanthemum virus B (CVB), Peanut stunt virus, etc, have been grouped into 2-4 sub-groups [11] [12] [13] [14] [15] [16] [17] . In our study phylogenetic analysis of the CP revealed the distinct clustering pattern based on geographic origin of the GarCLV isolates. CP gene sequences could also group viruses of genus Carlavirus in two distinct phylogenetic subgroups. A similar sub grouping of Carlavirus species could also be shown when other genomic regions, i.e., nucleic acid binding protein and replicase genes, are used [7, 18, 19] .
Phylogenetic analysis of GarCLV Indian isolates with representative isolates of other 37 Carlavirus species showed the formation of two phylogenetic subgroups (Fig. 1b) . All the Indian isolates formed a single clustering pattern and grouped together with Shallot latent virus (SLV) and 10 other Carlavirus species. The remaining 26 Carlavirus species clustered in a separate subgroup.
Potential recombination events were identified using the RDP3 v.3.34 [20] . Intraspecies recombination analysis of 28 GarCLV isolates showed in the CP of the Anand isolate (breakpoint from nt position 167 to 5) a recombination event having JN and Kolar isolates as donors. The recombination was detected simultaneously by two algorithms of RDP3 (3Seq and SiScan) (Suppl. Fig. 2 ). Intraspecies recombination in the CP gene of the carlaviruses CVB [13, 21] and Lily symptomless virus has been already reported [22] . In our study we could detect intraspecies recombination in only one of the 28 isolates. Evidence for the lack of strong recombination signals in CP gene of remaining GarCLV isolates has suggested that, the CP gene may be recombination cold spot as reported in other carlaviruses such as CVB [21] , SLV, and Potato virus S [23] . The existence of recombinant isolate in India could be attributed to the existence of multiple isolates in the same garlic accessions which are brought together during the extensive multilocational trials and screening conducted before their release for commercial cultivation.
Interspecies recombination analysis of 37 Carlavirus species along with GarCLV in RDP3 program detected the recombination signals in the CP of 22 Carlavirus species. Interspecies recombination has played a major role in the evolution of members of ssDNA virus family Geminiviridae [24] , whereas, in positive sense ssRNA viruses, it has been reported in the Potyviridae [25] and Luteoviridae [26] . Interspecies recombination analysis in the current study revealed the lack of extensive exchange of genetic material from other Carlavirus species to GarCLV, but still, provided an evidence for interspecies recombination events in the CP gene of 22 Carlavirus species (Suppl. Table 3 ). Interestingly, SLV, another Carlavirus infecting garlic neither contributed nor received the CP fragment from GarCLV (Suppl . Table 3 ), though both infect same hosts and are transmitted by the same vector.
In conclusion, molecular analysis of CP of GarCLV has clearly indicated the existence of two phylogenetic subgroups and the occurrence of a recombinant isolate in India.
